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(57) ABSTRACT

A parallel computing method for man-machine coordinated
steering control of a smart vehicle based on risk assessment
is provided, comprising the following steps: building a
lateral kinetic equation model of a vehicle; building a target
function by targeting at minimizing an offset distance of a
vehicle driving track from a lane center line and making a
change in a front wheel steering angle and a longitudinal
acceleration as small as possible in a driving process;
building a parallel computing architecture of a prediction
model and the target function, and employing a triggering
parallel computing method; solving and computing a gra-
dient with a manner of back propagation and using a
gradient descent method to obtain an optimal control amount
of the front wheel steering angle and an optimal control
amount of the longitudinal acceleration; and computing a
driving weight, obtaining a desired front wheel steering
angle and completing real time control.
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o & Build a lateral kinetic equation model of a vehicle and
7 obtain a system discrete model of the vehicle

Take a road center line as an ideal driving track to minimize an
.~ | Offset distance of a vehicle driving track from a lane center line,
g %‘\4/ and build a target function by targeting at making a change in a

front wheel steering angle and a longitudinal acceleration as
small as possible in a driving process

Build a parallel computing architecture of a prediction mode! and
the target function, and employ a triggering paralle! computing
%] method by the parallel computing architecture to synchronously
compute the prediction model and the target function

Solve and compute a gradient with a manner of back propagation and
use a gradient descent method to optimize a control amount of a front
wheel steering angle and a control amount of a longitudinal acceleration
to obtain an optimal control amount of the front wheel steering angle
and an optimal control amount of the longitudinal acceleration

]

Compute a driving weight based on fuzzy logic, obtain a desired front wheel steering
55 f\ angle according to the driving weight and complete real time confrol over man-
*..#| machine coordinated steering of the smart vehicle
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1
PARALLEL COMPUTING METHOD FOR
MAN-MACHINE COORDINATED STEERING
CONTROL OF SMART VEHICLE BASED ON
RISK ASSESSMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of China
application serial no. 202110348942.9, filed on Mar. 31,
2021. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of this specification.

BACKGROUND
Technical Field

The present invention relates to the technical field of
parallel computing and in particular, relates to a parallel
computing method for man-machine coordinated steering
control of a smart vehicle based on risk assessment.

Description of Related Art

Although great convenience is brought for traveling of
people with the continuous development of an automobile,
traffic environments for traveling of a vehicle become
increasingly complicated with increasing ownership of auto-
mobiles year by year. A complicated traffic environment will
increase mental burden and driving difficulties of a driver,
thereby causing fatigue of the driver in a driving process
easily and finally resulting in occurrence of a traffic accident.
Therefore, reducing occurrence of traffic accidents by reduc-
ing a driving burden of a driver is one of the most effective
methods.

With the development of sensor and communication tech-
niques and perception fusion techniques, a smart vehicle
also gets a prosperous development. Moreover, the man-
machine coordinated control system in the smart vehicle can
effectively aid safe driving of a driver, specifically reflected
as reducing a driving burden of a driver on one hand and
timely taking over a vehicle in case of a driver’s misopera-
tion. Although the man-machine coordinated system of the
smart vehicle is an effective measure to reduce traffic
accidents, a real time solution for an optimal front wheel
steering angle rapidly based on risk assessment according to
a present driver behavior and traffic state is a great challenge.
It obstructs mass production of the man-machine coordi-
nated system of the smart vehicle.

SUMMARY

The objective of the present invention is to overcome the
existing defect of the prior art by providing a parallel
computing method for man-machine coordinated steering
control of a smart vehicle based on risk assessment.

The objective of the present invention can be realized
through the following technical solution:

A parallel computing method for man-machine coordi-
nated steering control of a smart vehicle based on risk
assessment comprises the following steps:

S1: building a lateral kinetic equation model of a vehicle

and obtaining a system discrete model of the vehicle;

S2: taking a road center line as an ideal driving track to

minimize an offset distance of a vehicle driving track
from a lane center line, and building a target function
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2

by making a change in a front wheel steering angle and
a longitudinal acceleration as small as possible in a
driving process;

S3: building a parallel computing architecture of a pre-
diction model and the target function, and employing a
triggering parallel computing method by the parallel
computing architecture to synchronously compute the
prediction model and the target function;

S4: solving and computing a gradient with a manner of
back propagation and using a gradient descent method
to optimize a control amount of a front wheel steering
angle and a control amount of a longitudinal accelera-
tion to obtain an optimal control amount of the front
wheel steering angle and an optimal control amount of
the longitudinal acceleration; and

S5: computing a driving weight based on fuzzy logic,
obtaining a desired front wheel steering angle accord-
ing to the driving weight and completing real time
control over man-machine coordinated steering of the
smart vehicle.

Preferably, in the parallel computing architecture of the
prediction model and the target function in the step S3, a
symbol indicating that solution of the prediction model and
the target function in a present computing step has been
completed is used as a symbol of starting a prediction
computing at a next step, thereby realizing parallel comput-
ing of the prediction model and the target function.

Preferably, the lateral kinetic equation model is:

Y = v sing+v,cosp

p=r
2Cri Gy 2raCr-bC) 2C
Uy = —Ugr + (Zu)er ¢ ”fw )—Tféf
2v,aCy-bC,) 2(d*Cr+HC,)  2aCs
= + - 6/

Lu, Ly I

X = v,co8p — 28I

Uy = Upr + ax

wherein m is a vehicle weight; r is a yaw velocity; v, is
a vehicle lateral velocity; v, is a vehicle longitudinal veloc-
ity; a_is a vehicle longitudinal speed; I, is a rotational inertia
of a vehicle about shaft z; a and b are respectively a distance
from a vehicle centroid to a front shaft and a rear shaft of a
vehicle; and wherein C, and C, respectively represent a
cornering stiffness of a front wheel tire and a cornering
stiffness of a rear wheel tire; 6,is a front wheel steering angle
of a vehicle; Y is a lateral displacement of a vehicle; and X
is a vehicle longitudinal displacement.

Preferably, the lateral kinetic equation model selects a
vehicle lateral displacement Y, a heading angle ¢, a vehicle
lateral velocity v,, a yaw velocity r, a vehicle longitudinal
displacement X and a vehicle longitudinal velocity v as a
state amount of a system, i.e. a state amount x=[Y ¢ v, r X
v_]; a vehicle front wheel steering angle 8,and a longitudinal

acceleration a, as an input; and a vehicle lateral displace-
ment Y as an output of a system.

Preferably, a system discrete model is obtained by dis-
cretization with a three-order three-segment Runge-Kutta
formula in the step S1;
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k=T f (g, )
1
k= Ts/(xk + Ekl, Mk)
kz = T f g — fu + 2k2, uge) 5

1
Xp+1 = X + g(kl +4k2 +k3)

wherein k,, k, and k; are intermediate variables; T, is a
discrete step size; X, is a state amount at moment k; X, , is
a state amount at moment k+1 and u, is a control amount at
moment k.

Preferably, the target function J is:

10

2

1 N-1
(AU(k+i|k)RAU(TIc+iIk)) + 3 (et = 7601) O ety — rarn)’ ) +
1

i=

&

I
=3

(Yot = Ty P(Yaer iy = "fku))T
20

wherein AU, is a changing amount of a control
amount in step i at moment k, N is a predictive step size, P
is a weight matrix of a terminal, Q is a state weight matrix,
R is a weight matrix of a control amount, Y ., is a vehicle
lateral displacement in step i at moment k, r,,,, is a yaw
velocity in step k+1 and r,,,* is a desired value of a yaw
velocity in step k+1.

Preferably, a recurrence relationship between the lateral
kinetic equation model and the target function is:

25

30

N-1

Jo = ZAU(MJ«)RAU&HM)
=0

xgsipp = Sxap> Unpp) 3
r
Jy=Jo+ (Y(k+1|k) - V(k+1))Q(Y(k+1|k) — )
Xger2Jy = f(x(k+1|k), U(k+1|k))
40

. T
i=N-1 Jy1=Jdyoa + (Yen-ipo — 1)) QX gen-1j — 1))

4

prediction value in step i at moment k, and r,,, is a yaw

velocity in step k+1.
Preferably, the step S4 specifically comprises:

S41: building a plurality of storage units, each storage unit
storing a related computing parameter;

S42: obtaining a gradient of a target function for an input
amount based on back propagation according to the
computing parameter stored in each storage unit; and

S43: using a gradient descent method to optimize a
control amount of a front wheel steering angle and a
control amount of a longitudinal acceleration of a
vehicle;

Orps Opestpy - 6 f(k+ N, -1JE)

La(re)> Dx(er1[l) -+ fper V1K)

wherein Sﬂklk)’ 8f(1g+1|1<) ce 8ﬂk+Np—llk) Sf.(klk)’ 8ﬂk|k+1) ce
0 1, are respectively front wheel steering angles of ste
dCkIk+N—1) P! y gang P
Q, 1.. .Ng—l at moment kf and a5 Ahor11g) -+ + + AelorN—118)
is respectively a longitudinal acceleration of step 0, 1 . . .
Np—l at moment k,

when a difference value between an output result of an
optimized target function J, and a result of a target function
J,_, of a previous step size is smaller than a set value or
reaches limited optimization times or AJ is zero, an optimi-
zation process is completed if one of the three conditions is
satisfied and an optimal control sequence is U, *;

ax(k\k)*’ax(k+l\k)* s a}c(lﬁ»N—l\k)s’
wherein U™ Upnin® - - - Ugaa—nip™ 1s respectively a
desired value of a control amount of step 0, 1 ... N,—1 at

moment k, it ®s O™ - - Sﬂ,ﬁN_]Jk)* is respectively
a desired value of a front wheel steering angle of step
0,1... N.P_l at moment k, .and & ax(kﬂlk.)* e
A nv—111" 18 respectively a desired value of a longitudinal
acceleration of step 0, 1 . . . N,-1 at moment k,

a computing formula of the optimal control sequence is
represented as follows:

. aJ . . aJ
5*/(k|k) = ‘sf(k—1|k—1) - mm Dy = Dx(e—1J=1) ~ Farp Ar
. aJ . . aJ
Ty = Oy = 6 fer1po A et = o~ A1y A
. aJ . . aJ
Tpteen-1po = Opeen-2p = A6 rean-10 AL G-t = G- ~ A xin-1pp &

) 55
-continued

X+l = S (X(k+N+1|k), U(k+N—1|k))

r
J=Jdy 1+ (Y(k+N|k) - V(k+1))P(Y(k+N|k) — )
60

wherein J is a target function to be optimized, { is a lateral
kinetic equation model, P is a weight matrix of a terminal,
Q is a state weight matrix, R is a weight matrix of a control
amount, AU ,,,,, is a changing amount of a control amount
in step i at moment kK, X, 1S a state amount prediction
value in step i at moment k, U, is a control amount

65

wherein 8,_;,,* is an optimal front wheel steering
angle of a previous moment, a,;_,,_,,* is an optimal
longitudinal acceleration of a previous moment and At is a
control step size,

841* in a first element of the obtained optimal control
sequence U.,* serves as an optimal control amount of a
front wheel steering angle 8,%(k) at moment k and partici-
pates in solution of a desired front wheel steering angle, and
A up” in a first element of the optimal control sequence
U* is a control amount of an optimal longitudinal accel-
eration at moment k for directly acting on an accelerator
pedal.
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Preferably, the step S5 specifically comprises:

S51: respectively computing a path offset risk and a driver
operation risk of a vehicle, obtaining a path offset risk
level according to a path offset risk membership func-
tion, and obtaining a driver operation risk level accord-
ing to a driver operation risk membership function;

S52: building a driving weight membership function
based on risk assessment and a driving weight map
chart based on risk assessment, and obtaining a driving
weight according to a path offset risk and a driver
operation risk; and

S53: computing a desired front wheel steering angle of
moment k+1 according to a driving weight;

S(k+1)=00%8, (ke DH(1—a)*8,, (k+1)

wherein 8,(k+1) is a driver desired front wheel steering
angle at moment k+1, 8,,(k+1) is desired front wheel steer-
ing angle of a machine decision at moment k+1 and d(k+1)
is a front wheel steering angle executed by a desired steering
system at moment k+1.

Preferably, a computing formula of the path offset risk is:

D=lygs=Re!

wherein y,,, is a lateral displacement of a smart vehicle at
moment k and R, is a lateral displacement of a lane center
line at moment k.

Preferably, a computing formula of the driver operation
risk D,, is:

Dn:|8n(k)—ad*(k)|

wherein 6,(k) is a front wheel steering angle at moment
k and ,*(k) is an optimal control amount of a front wheel
steering angle at moment k.

Compared with the prior art, the method of the present
invention for building the parallel computing architecture
for parallel computing of each state amount in the prediction
model and for parallel computing of the prediction model
and the target function based on solution of an optimal front
wheel steering angle and a control amount of a longitudinal
speed shortens the time of solving model production control.
In addition, the present invention shortens the time of
solving a desired front wheel steering angle through the
method for parallel computing of a path offset risk and a
driver operation risk based on a risk assessment method.
Therefore, the present invention improves real time property
of man-machine coordinated steering control of the smart
vehicle, such that the control system performs a function of
reducing traffic accidents by being applied to a smart auto-
mobile.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of the present invention;

FIG. 2 is a parallel counting architecture of a prediction
model based on a chart model in the present application;

FIG. 3 is a parallel computing architecture for model
prediction control of the present invention;

FIG. 4 is a parallel computing architecture for man-
machine coordinated steering control of a smart vehicle
based on risk assessment;

FIG. 5 is a counting diagram of a prediction model for a
vehicle lateral displacement Y;

FIG. 6 is a path offset risk membership function;

FIG. 7 is a driver operation risk membership function;

FIG. 8 is a risk assessment fuzzy rule table;

FIG. 9 is a driving weight membership function;
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FIG. 10 is a driving weight map chart based on risk
assessment; and

FIG. 11 is a driving weight parallel computing architec-
ture.

DESCRIPTION OF THE EMBODIMENTS

The present invention is described in detail below with
reference to the accompanying drawings and specific
embodiments. It should be noted that the following descrip-
tions of embodiments are merely illustrative in substance, as
the present invention does not intend to limit its applicable
objects or functions and the present invention does not limit
the following embodiments:

Embodiments

A parallel computing method for man-machine coordi-
nated steering control of a smart vehicle based on risk
assessment, as shown in FIGS. 1 and 3, comprises the
following steps:

S1: building a lateral kinetic equation model of a vehicle
and obtaining a system discrete model of the vehicle.

Specifically, the lateral kinetic equation model is:

Y = v,sing + v,cosp
p=r
2AC;+Chu, 24aCr—bC,) 2C
Uy = —Usr + ¢ fmu ) 2y ¢ mfu )—Tféf
20,aCy —bC) 2@ Cr+ B2C)  2aCy
i = + - Of
Ly Ly 1

X = v,co8p — Using

Uy = Uyl +ay

wherein m is a vehicle weight; r is a yaw velocity; v, is
a vehicle lateral velocity; v, is a vehicle longitudinal veloc-
ity; a_is a vehicle longitudinal speed; I, is a rotational inertia
of a vehicle about shaft z; a and b are respectively a distance
from a vehicle centroid to a front shaft and a rear shaft of a
vehicle; and wherein C, and C, respectively represent a
cornering stiffness of a front wheel tire and a cornering
stiffness of a rear wheel tire; 6,is a front wheel steering angle
of a vehicle; Y is a vehicle lateral displacement; and X is a
vehicle longitudinal displacement.

As shown in FIG. 2, the parallel computing architecture
for the prediction model can be obtained for parallel com-
puting of six state amounts based on the chart model.

The lateral kinetic equation model selects a vehicle lateral
displacement Y, a heading angle ¢, a vehicle lateral velocity
v,, a yaw velocity r, a vehicle longitudinal displacement X
and a vehicle longitudinal velocity v, as a state amount of a
system, i.e. a state amount x=[Y @ v, r X v,]; a vehicle front
wheel steering angle 8, and a longitudinal acceleration a, as
an input; and a vehicle lateral displacement Y as an output
of a system.

In addition, since MPC is a discrete model controller, it is
necessary to discretize the above state space model. A
three-stage three-section Runge-Kutta is employed in step
S1 of the present invention for discretization to obtain a
system discrete model.
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k= T f (ke uge)

1
ky = Tsf(xk + Ekl, Mk]

iy = T f g — ko + 2kz, gy

1
Xpel = Xg + g(kl +4ky +k3)

wherein k,, k, and k; are intermediate variables; T, is a
discrete step size; X, is a state amount at moment k; X, , is
a state amount at moment k+1 and u, is a control amount at
moment k.

S2: taking a road center line as an ideal driving track to
minimize an offset distance of a vehicle driving track from
a lane center line, and building a target function by targeting
at making a change in a front wheel steering angle and a
longitudinal acceleration as small as possible in a driving
process.

That is, it is assumed that an ideal driving track of a driver
is replaced by a road center line, the target function ensures
a change in a front wheel steering angle and a longitudinal
acceleration as small as possible in a driving process while
minimizing an offset distance of the vehicle traveling track
from the lane center line and the corresponding target
function J is:

2

-1 N-1

(AU RAU yqpy) + Z (Yeerao = 7arn)Q(Yorap — Faen) ) +
0

J=

7

I
=3

(Yaernpy = 71y P(Yaernvpor — "fku))T

wherein AU, is a changing amount of a control
amount in step 1 at moment k, N is a predictive step size, P
is a weight matrix of a terminal, Q is a state weight matrix,
R is a weight matrix of a control amount, Y, is a vehicle
lateral displacement in step i at moment k, ., is a yaw
velocity in step k+1 and r,,,* is a desired value of a yaw
velocity in step k+1.

With the recursive computing of the vehicle lateral dis-
placement Y as an example, the computing chart for the
prediction model of the vehicle lateral displacement Y as
shown in FIG. 5 can be drawn according to the chart
counting model.

Since the state amount can be computed alone, the parallel
counting architecture for the prediction model based on the
chart model shown in FIG. 2 can be drawn according to the
chart counting model.

S3: as shown in FIG. 3, building a parallel computing
architecture of a prediction model and the target function,
and employing a triggering parallel computing method by
the parallel computing architecture to synchronously com-
pute the prediction model and the target function. In the
parallel computing architecture of the prediction model and
the target function in the step S3, a symbol indicating that
solution of the prediction model and the target function in a
present computing step has been completed is used as a
symbol of starting a prediction computing at a next step,
thereby realizing parallel computing of the prediction model
and the target function. In the embodiment, the present
invention can build the parallel computing architecture for
model prediction control with a multi-core single chip
microcomputer as an example according to the computing
chart model of model prediction control and the existing
hardware parallel techniques (multi-core, multi-thread and
the like).
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In the process of forward recurrence, computing of the
prediction model and target function is performed synchro-
nously. Since data in parallel tasks is not completely inde-
pendent, a coupling exists. However, for the prediction
process of each step, data is independent of each other. In
this regard, the present invention combines a triggering
parallel computing manner, i.e. using a symbol indicating
that solution of the prediction model and the target function
in the Nth step has been completed as a symbol of starting
a prediction computing at the (N+1)th step, thereby ensuring
sequence of data computing and shortening the time of
solving the target function.

A recurrence relationship between the lateral kinetic equa-
tion model and the target function is:

N-1
Jo= ) AU RAUG gy
=0
X = S (xgps Ungo)
r
J1 = o+ (Yertoy — 7o) QY 1y — Pty

X2 = f(x(k+1|k), U(k+1|k))

. r
i=N-1 Jy1 =Jdya+ (Yoo — 76ee1)) O(Xeen-1i — 1))
Xe+Njy = f (X(k+N+1|k), U(k+N—1|k))

J = Iy + (Yaenp = o)) P(Ygeempo — V(k+1))T

wherein J is a target function to be optimized, f is a lateral
kinetic equation model, P is a weight matrix of a terminal,
Q is a state weight matrix, R is a weight matrix of a control
amount, AU, 1s a changing amount of a control amount
in step i at moment k, X, 1S a state amount prediction
value in step i at moment k, U, is a control amount
prediction value in step i at moment k, and r,,, is a yaw
velocity in step k+1.

In addition, in the embodiment, the present invention
proposes a parallel counting architecture for parallel com-
puting of driving weights for a driver operation risk D, and
a path offset risk D, as shown in FIG. 11 according to the
chart model concept, thereby shortening the time of solving
the driving weight.

S4: solving and computing a gradient with a manner of
back propagation and using a gradient descent method to
optimize a control amount of a front wheel steering angle
and a control amount of a longitudinal acceleration to obtain
an optimal control amount of the front wheel steering angle
and an optimal control amount of the longitudinal accelera-
tion.

The step S4 specifically comprises:

S41: building a plurality of storage units, each storage unit

storing a related computing parameter;

S42: obtaining a gradient of a target function for an input
amount based on back propagation according to the
computing parameter stored in each storage unit; and

S43: using a gradient descent method to optimize a
control amount of a front wheel steering angle and a
control amount of a longitudinal acceleration of a

vehicle;
St Sroertfo - O pfurn,—1fe)
Ax(fy> Ex(k+1[80) -+ (N p-1k)
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wherein Sﬂklk)’ 8f(1<+1 1% - 8ﬂk+N —116) Sﬂklk)’ 8ﬂk|k+1)
Sﬂkl ren—1) Are Tespectively front wheel steering angles of step

0,1...N,~1 atmomentk, and &,y &ycernipy - - - A
is respectlvely a longitudinal acceleration of step 0, 1.
Np 1 at moment k, 5

when a difference value between an output result of an
optimized target function J, and a result of a target function
J._1 of a previous step size is smaller than a set value or
reaches limited optimization times or AJ is zero, an optimi-
zation process is completed if one of the three conditions is 10
satisfied and an optimal control sequence is U, *;

116)

* * *
Ariiey »Oxtier 116y + » OxClrN—110) >

wherein Ug 0%, Ugrin® - - - Uganenin™ 18 respectively a
desired value of a control amount of step 0, 1 ... N,—1 at 5
moment K, 8,416*, Sqra1in®s - - - » Opan—in™ is respectively
a desired value of a front wheel steering angle of step
0,1. N —1 at moment k, and a . *, aupinn®

A N1 1s respectively a desired value of a longltudlnal

10

wherein 8,(k+1) is a driver desired front wheel steering
angle at moment k+1, 8, (k+1) is a desired front wheel
steering angle of a machine decision at moment k+1 and
S(k+1) is a front wheel steering angle executed by a desired
steering system at moment k+1.

A computing formula of the path offset risk is:

D, =1yuR
wherein y,, is a lateral displacement of a smart vehicle at
moment k and R, is a lateral displacement of a lane center
line at moment k.
A computing formula of the driver operation risk D, is:

thlan(k)_ad*(kﬂ

wherein 0,(k) is a front wheel steering angle at moment
k and 8,%(k) is an optimal control amount of a front wheel
steering angle at moment k.

Specifically, in the embodiment, the path offset risk is
divided into five levels: S, MS, M, MB and B. Using a

acceleration of step 0, 1 . .. N,—1 at moment k, 5o triangular membership function, the path offset risk mem-

a computing formula of the optimal control sequence is bership function as shown in FIG. 6 can be drawn. The
represented as follows: driver operation risk is divided into five levels: S, MS, M,

aJ . . aJ
‘7/(141() ‘Y}(k 11y ~ mm Dx(key = Axk-1p-1) ~ W(klk)
aJ . . aJ
Orteripy = Ofoy — mm Do 1|y = iy ~ mm

. aJ . . aJ
O = ‘Y}(k+N—2|k) - mm Ay N-1) = Txe+N—2J) ~ mm

wherein 8y, —,* is an optimal front wheel steering 35 MB and B. Using a triangular membership function, a driver
angle of a previous moment, a,;_ ,;,* is an optimal operation risk membership function shown in FIG. 7 can be
longitudinal acceleration of a previous moment and At is a drawn. When a vehicle offset degree is low, an allowable
control step size, range of a driver operation risk will be large, and when a

8y in a first element of the obtained optimal control vehicle offset degree is high, an allowable range of a driver
sequence U,* serves as an optimal control amount of a 40 operation risk will be small and even completely shifted to
front wheel steering angle 8,%(k) at moment k and partici- a controller. Based on considerations of above characteris-
pates in solution of a desired front wheel steering angle, and tics, the fuzzy rule table for risk assessment shown in FIG.
a,up* in a first element of the optimal control sequence 8 is designed.
U,* is a control amount of an optimal longitudinal accel- The driving weight is also evenly split into five parts: S,
eration at moment k for directly acting on an accelerator 45 MS, M, MB and B. Using a triangular membership function,
pedal. the driving membership function shown in FIG. 9 can be

S5: computing a driving weight based on fuzzy logic, drawn (wherein a driving right o denotes a driving weight

obtaining a desired front wheel steering angle according to of a driver) and the driving weight map chart based on risk
the driving weight and completing real time control over assessment shown in FIG. 10 can be drawn. Through a
man-machine coordinated steering of the smart vehicle. 50 two-dimensional look-up table of the driver operation risk

In a vehicle driving process, a risk mainly comprises two D,, and the driver operation risk D,, the driving weight o can

parts: one part from a risk existing in a state of a vehicle and be obtained.
the other part from a risk caused by a driver operation. The above embodiments are merely exemplary and thus

The step S5 specifically comprises: do not limit the scope of the present invention. These

S51: respectively computing a path offset risk and a driver 55 embodiments can also be implemented in other various
operation risk of a vehicle, obtaining a path offset risk manners and various omissions, replacements and modifi-
level according to a path offset risk membership func- cations can be made without departing from the scope of the
tion, and obtaining a driver operation risk level accord- technical concept of the present invention.
ing to a driver operation risk membership function; What is claimed is:

§52: building a driving weight membership function 6o 1. A parallel computing method for a man-machine coor-
based on risk assessment and a driving weight map dinated steering control of a smart vehicle based on a risk
chart based on risk assessment, and Obtaining a driving assessment, wherein the pa_ra]]e] Computing method com-
weight according to a path offset risk and a driver prises the following steps:
operation risk; and S1: building a lateral kinetic equation model of a vehicle

S53: computing a desired front wheel steering angle of ¢5 and obtaining a system discrete model of the vehicle;

moment k+1 according to a driving weight;
S(k+1)=00%8, (ke DH(1—a)*8,, (k+1)

S2: taking a road center line as an ideal driving track to
minimize an offset distance of a vehicle driving track
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from a lane center line, and building a target function
by targeting at making a change in a front wheel
steering angle and a longitudinal acceleration as small
as possible in a driving process;

S3: building a parallel computing architecture of a pre-
diction model and the target function, and employing a
triggering parallel computing method by the parallel
computing architecture to synchronously compute the
prediction model and the target function;

S4: solving and computing a gradient with a manner of a
back propagation and using a gradient descent method
to optimize a control amount of the front wheel steering
angle and the control amount of the longitudinal accel-
eration to obtain an optimal control amount of the front
wheel steering angle and the optimal control amount of
the longitudinal acceleration; and

S5: computing a driving weight based on fuzzy logic,
obtaining a desired front wheel steering angle accord-
ing to the driving weight and completing a real time
control over man-machine coordinated steering of the
smart vehicle

in the parallel computing architecture of the prediction
model and the target function in the step S3, a symbol
indicating that solution of the prediction model and the
target function in a present computing step has been
completed is used as the symbol of starting a prediction
computing at a next step, thereby realizing a parallel
computing of the prediction model and the target func-
tion;

arecurrence relationship between the lateral kinetic equa-
tion model and the target function is:

N-1

Jo = Z AU RA U(;c+i|k)
=0

X = S xapo> Uam)
r
Jy=Jo+ (Y(k+1|k) - V(k+1))Q(Y(k+1|k) — )

Xger2Jy = f(x(k+1|k), U(k+1|k))

. r
i=N-1 Jyi1=Jdyva2+ (Y(k+N—1|k) - V(k+1))Q(Y(k+N—1|k) — FerD))
Xe+Nliy = S (X(k+N+1|k), U(k+N—1|k))

J=Jy1+ (Y(k+N|k) - V(k+1))P(Y(k+N|k) - V(k+1))T>

wherein J is the target function to be optimized, f is a
lateral kinetic equation model, P is a weight matrix of
a terminal, Q is a state weight matrix, R is a weight
matrix of the control amount, AU, is a changing
amount of the control amount in a step i at a moment
K, X4a1 18 @ state amount prediction value in the step
iat the moment k, U, is a control amount prediction
value in the step i at the moment k, and r,,, is a yaw
velocity in a step k+1; Y is a vehicle lateral displace-
ment.

2. The parallel computing method for the man-machine
coordinated steering control of the smart vehicle based on
the risk assessment according to claim 1, wherein the lateral
kinetic equation model is:
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Y = v,sing + vycosg
p=r
2Cr+Cu, 2raCy-bC,) 2C
Uy = —Upr + < )y+ ) )——f§/
muy muy m
20aCy —bC,)  2(@Cr+B2C)  2aCy
= + - 6/

Lu, Ly 1,

X = v,co8p — Using

Uy = Uyt +ax

wherein m is a vehicle weight; r is a yaw velocity; v, is
a vehicle lateral velocity; v, is a vehicle longitudinal
velocity; a, is a vehicle longitudinal speed; I is a
rotational inertia of a vehicle about shaft z; a and b are
respectively a distance from a vehicle centroid to a
front shaft and a rear shaft of the vehicle; and wherein
Crand C, respectively represent a cornering stiffness of
a front wheel tire and the cornering stiffness of a rear
wheel tire; 6, is the front wheel steering angle of the
vehicle; Y is a lateral displacement of the vehicle; X is
a vehicle longitudinal displacement; and ¢ is a heading
angle.

3. The parallel computing method for the man-machine
coordinated steering control of the smart vehicle based on
the risk assessment according to claim 2, wherein the lateral
kinetic equation model selects a vehicle lateral displacement
Y, a heading angle @, the vehicle lateral velocity v,, the yaw
velocity r, the vehicle longitudinal displacement X and the
vehicle longitudinal velocity v as a state amount of a system,
i.e. the state amount x=[Y @ v, r X v ]; a vehicle front wheel
steering angle 8, and the longitudinal acceleration a, as an
input; and the vehicle lateral displacement as an output of
the system.

4. The parallel computing method for the man-machine
coordinated steering control of the smart vehicle based on
the risk assessment according to claim 2, wherein the system
discrete model is obtained by a discretization with a three-
order three-segment Runge-Kutta formula in the step S1;

k=T f (e, ug)
1
k= Tsf(xk + Ekla Mk]
ks = Tof(ox =k +2k2, uny

1
Xp+l = Xx + g(kl +4ky +k3)

wherein k;, k, and k; are intermediate variables; T, is a
discrete step size; X, is a state amount at the moment k;
X4, 18 the state amount at a moment k+1 and u, is the
control amount at the moment k.

5. The parallel computing method for the man-machine
coordinated steering control of the smart vehicle based on
the risk assessment according to claim 1, wherein the target
function J is:

N-1

N-1
J= Z (AU(k+i|k)RAU(€+,'|k)) + Z ((Y(k+i|k) - V(k+1))Q(Y(k+i|k) - V(k+1))T) +
i=0 =0

. Y
(Yocrnpo = sy P(Yoeemp = ) 5
wherein AU, is the changing amount of the control

amount in step i at the moment k, N is a predictive step
size, P is the weight matrix of the terminal, Q is the
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state weight matrix, R is the weight matrix of the
control amount, Y ., is the vehicle lateral displace-
ment in step i at the momentKk, r,,, is the yaw velocity
in step k+1 and 1, ,,* is a desired value of a yaw
velocity in step k+1.

6. The parallel computing method for the man-machine
coordinated steering control of the smart vehicle based on
the risk assessment according to claim 1, wherein the step S4
specifically comprises:

S41: building a plurality of storage units, each of the

storage units storing a related computing parameter;

S42: obtaining the gradient of the target function for an

input amount based on the back propagation according
to the related computing parameter which is stored in
each of the storage units; and

S43: using the gradient descent method to optimize the

control amount of the front wheel steering angle and
the control amount of the longitudinal acceleration of
the vehicle;

St Orterfo -+ 0 flern,-1[g)

Larfe)> Dx(er1]i) -+ lper - 1[K)

wherein 8 Sgirtity - - 8ﬂk+N 1k Okikaty - -
ckien—1) A€ respectlvely thé front wheel steerlng
angles of step 0, 1 ... N -1 at the moment k, a
Al 118)  + + laN~118) is respectlvely the longitudinal
acceleratlon of step 0,1...N,1 at the moment k,

when a difference value between an output result of an
optimized target function J, and a result of the target
function J,_, of a previous step size is smaller than a set
value or reaches limited optimization times or AJ is
zero, an optimization process is completed if one of
three conditions is satisfied and an optimal control
sequence is U, *:

*
Ariiey > Oxtier 11ky  + + Ox(lebN—11k)

where.in Usin® Ugrrin® -+ Uganv—n1p™ 18 respectively a
desired value of the control amount of step 0, 1 . . .
N,-1 at the moment XK, 8qu0% Oqerrn® -
Srurn—11iy™ is respectively a desired value of the front
wheel steering angle of step 0, 1 ... N,-1 at the
moment K, a,q160™,; egatim* : ax(l.<+N—1Ik)* is respec-
tively a desired value of the longitudinal acceleration of
step 0, 1. .. Np—l at the moment k,

a computing formula of the optimal control sequence is
represented as follows:

aJ
e
_9
b g1y

aJ
daxap
aJ

O tuertpo

5*/(k|k) 5*/(1( -1 ~ a;(k|k) = a;(k—1|k—1) -

‘Y}(k+1|k) = (Y}(k|k) - a;(k+1|k) = ;(k|k) -

aJ Ar
96 fgern-1ppy

aJ

5/(k+N 10 = ‘Y*/(kmf 20 ~ a;(k+N—1|k) = a;(k+N—2|k) -

wherein 8., ,—,,* is an optimal front wheel steering
angle of a previous moment, a,;_,,_,* is an optimal
longitudinal acceleration of the previous moment and
At is a control step size,
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8up™ in a first element of the optimal control sequence
Ug*, which is obtained, serves as the optimal control
amount of the front wheel steering angle 6,%(k) at the
moment k and participates in a solution of the desired
front wheel steering angle, and a,,* in the first
element of the optimal control sequence U * is the
control amount of the optimal longitudinal acceleration
at the moment k for directly acting on an accelerator
pedal.

7. The parallel computing method for the man-machine
coordinated steering control of the smart vehicle based on
the risk assessment according to claim 1, wherein the step S5
specifically comprises:

S51: respectively computing a path offset risk and a driver
operation risk of the vehicle, obtaining a path offset risk
level according to a path offset risk membership func-
tion, and obtaining a driver operation risk level accord-
ing to a driver operation risk membership function;

S$52: building a driving weight membership function
based on the risk assessment and a driving weight map
diagram based on the risk assessment, and obtaining
the driving weight according to the path offset risk and
the driver operation risk; and

S53: computing the desired front wheel steering angle of
a moment k+1 according to the driving weight;

S(k+1)=00% 8, (et 1 HH(1—a) 8, (k+1),

wherein 8,(k+1) is a driver desired front wheel steering
angle at the moment k+1, 8,,(k+1) is the desired front
wheel steering angle of a machine decision at the
moment k+1 and &(k+1) is the front wheel steering
angle executed by a desired steering system at the
moment k+1.

8. The parallel computing method for the man-machine
coordinated steering control of the smart vehicle based on
the risk assessment according to claim 7, wherein a com-
puting formula of the path offset risk is:

D, =yg—Ryl

wherein y,,, is a lateral displacement of the smart vehicle
at a moment k and Ry, is a lateral displacement of the
lane center line at the moment k.

9. The parallel computing method for the man-machine
coordinated steering control of the smart vehicle based on
the risk assessment according to claim 7, wherein a com-
puting formula of the driver operation risk D,, is:

Dn:|8n(k)—ad*(k)|

wherein §,(k) is the front wheel steering angle at a
moment k and 8,*(k) is the optimal control amount of
the front wheel steering angle at the moment k.

& & & & &



